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(54) COATED CEMENTED CARBIDE END MILL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cemented carbide end mill capable of preventing fine plastic deformation 
at an end mill tip part caused by high temperature due to sticking of red-heated chips on a tool to increase the 
tool service life for achieving a long tool service life in dry and fast cutting to high hardness material. 
SOLUTION: In this cemented carbide end mill coated with at least two layers of coating mainly comprising A1 and 
Ti, and composed of at least than one sort of C, N, O, B, and coating mainly comprising Cr, and composed of at 
least one sort of C f N, O, B, Co content in cemented carbide alloy as base material is 5 wt.% to 12 wt.%, a coercive 
force is more than 15 kA/m, and a lattice constant determined based on face (1 1 1) of Co is more than 3.565 
&angst;. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the superhard end mill which covered at least the coat which uses aluminum and Ti as a principal 
component, uses as a principal component the coat and Cr which consist of more than kinds of C, N, O, and B, and 
consists of more than kinds of C, N, O, and B more than two-layer The covering superhard end mill characterized by for 
the content of Co of the cemented carbide which is the base material being 12 % of the weight from 5 % of the weight, 
for coercive force being 1 5 or more kA/m, and the lattice constant computed from the field (1 1 1) of Co being 3. 565 A or 
more. 

[Claim 2] The covering superhard end mill which uses said aluminum and Ti as a principal component, and is 
characterized by replacing a part of Ti of the coat which consists of more than kinds of C, N, O, and B by kind of Zr, Cr, 
Si, Nb, W, and Y, or two sorts or more in a covering superhard end mill according to claim 1 . 
[Claim 3] The covering superhard end mill which uses said Cr as a principal component and is characterized by 
replacing a part of Cr of the coat which consists of more than kinds of C, N, O, and B by kind of V, Si, and Ti, or two 
sorts or more in claim 1 and a covering superhard end mill given in two. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the covering superhard end mill excellent in joining-proof nature and 

plastic deformation-proof nature in dry type high speed cutting. 

[0002] 

[Description of the Prior Art] Cutting is in the inclination of improvement in the speed, and is very high [ cutting 
temperature ] in recent years. Therefore, in covering of conventionally common TiN, TiCN, etc., oxidation resistance is 
not enough, and in order to solve it, an oxidation-resistant excellent TiAIN system coat has come to be used. Oxidation 
resistance is superior to a TiAIN system Ti system coat. Furthermore, recently, the tool which added the lubricative film 
is proposed like JP,8-132310,A and JP,1 1-1 56992, A. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention person checked that a cure in two phenomena was newly 
required, in order to attain a long tool life in the dry type high speed cutting of high degree-of-hardness material, as a 
result of carrying out high speed cutting of high degree-of-hardness material in a detail. One is a solution [ as opposed 
to / a chip becomes red-hot, and agglutinating a tool is checked, and / this ]. For an elevated temperature, the end mill 
edge-of-a-blade section deforms plastically very small, it is checked that wear advances in connection with this, and 
another is a solution over this. These two phenomena are the factor which degrades the machined surface granularity of 
a processing side, while making a tool life fall. 
[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, use aluminum and Ti as a 
principal component and the coat and Cr which consist of more than kinds of C, N, O, and B are used as a principal 
component. In the superhard end mill which covered at least the coat which consists of more than kinds of C, N, O, and 
B more than two-layer The content of Co of the cemented carbide which is the base material is 12 % of the weight from 
5 % of the weight, coercive force is 15 or more kA/m, and it is characterized by the lattice constant computed from the 
field (1 1 1) of Co being 3.565A or more. That is, in this invention, in amelioration of a coat, generally, since a TiAIN 
system had coefficient of friction as high as 0.8 order with steel, in order to give lubricity to a coat, it checked 
decreasing to about 0.4 by compound multilayering with a CrN system coat with low coefficient of friction with steel. 
Although excelled in adhesion-proof nature, since it is softly inferior to abrasion resistance, although it is more more 
desirable for a CrN system to consider as multilayer structure with the TiAIN system coat which is excellent in abrasion 
resistance, two-layer structure with a TiAIN system is also enough as it. Moreover, in the improvement of the adhesion- 
proof student of only a coat, the cutting life improved only about twenty percent. As a result of repeating examination in 
a detail furthermore, adhesion came to trace the fact which is carrying out the base material [ itself] generating. That is, 
in the early stages of cutting, although effectiveness is checked by the improvement of the adhesion-proof nature of a 
coat since the base material is protected by the coat, it is exposed of a base material after the cutting middle, and the 
contribution to the adhesion prevention is few translations by the effectiveness of only a coat. 
[0005] 

[Function] The adhesion generated with a base material is generated between Co in cemented carbide, and steel. As a 
result of carrying out diffusion adhesion of steel and the cemented carbide at an elevated temperature and measuring the 
bonding strength, depending for bonding strength in the distance between average particles of the MIN free pass of Co 
of cemented carbide, i.e., WC particle, strongly was checked. When the distance between WC particles was large (i.e., 
when the thickness of Co between WC particles is thick), bonding strength suited the inclination which becomes 
remarkably high. Therefore, in order to control the adhesion in a base material, when thickness of Co between WC 
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particles was made below into a cert^Riumeric value, it found out that adhesiOT was improvable. The coercive force of 
cemented carbide and correlation have the thickness of Co between WC particles, the thickness of Co between WC 
particles follows on becoming thin, and coercive force increases. Therefore, it is necessary to carry out coercive force of 
cemented carbide beyond a certain numeric value. Bonding strength decreases remarkably above a certain coercive 
force, and controls the adhesion in a result base material remarkably. 

[0006] Next, plastic deformation-proof nature is solved by specifying the lattice constant of Co. Plastic deformation is 
produced when a skid occurs in Co which is a metal phase in cemented carbide. When plastic deformation occurred, it 
also became clear by experiment that sharpness worsens and adhesion is accelerated. Plastic deformation-proof nature 
improves by increasing the heavy-metal component called W, Ti, and Ta which dissolve to Co, and carrying out solid 
solution strengthening of the Co metal phase. The lattice constant of Co increases with the increment in the amount of 
dissolution of these components. As technique to which the amount of dissolution is made to increase, it is attained by 
whether the amount of carbon of an alloy is controlled by the low side, or after [ sintering ] sudden cooling is carried 
out. 

[0007] As mentioned above, although it was only improvement in a life of about twenty percent in amelioration of only 
a coat, the life resulted in it being extremely excellent also in machined surface granularity by them while compound- 
izing of a TiAIN system coat and a CrN system coat and adjustment of the distance between WC particles of a base 
material, and coincidence amelioration of three points of carrying out solid solution strengthening of the Co to a list, and 
controlling plastic deformation-proof nature had improved 60 percent or more. It is effective to permute a part of Ti of 
the layer which uses TiAIN as a principal component in order to raise oxidation resistance furthermore by components, 
such as Cr, Zr, Nb, and Si, and improvement in a life of it is still attained. These components are segregated to the Lord 
of a TiAIN crystal at the lattice defect of a grain boundary, carry out eburnation of the grain boundary, and control 
diffusion of oxygen. 

[0008] Next, it became possible by adding V to a CrN system coat to form the oxide of lubricative excellent V in a 
cutting mesothelium film front face, and to raise the lubricity of a CrN system by leaps and bounds. On the other hand, 
although a CrN system coat has lubricity, its degree of hardness is not not much desirable from a low wear-resistant 
viewpoint. In order to conquer this fault, addition of Si or Ti is effective. It is possible to be able to give abrasion 
resistance and to make a cutting life improve further, the degree of hardness of a CrN system coat improving by Si and 
Ti addition, and maintaining result lubricity. Furthermore, it is more desirable to carry out compound addition of V of a 
lubricative improvement, Ti of the improvement in a degree of hardness, and a kind of Si. 

[0009] Next, the reason for having carried out numerical limitation is explained. The toughness of cemented carbide fell 
that it was less than 5 % of the weight, and since adhesion with steel would become remarkable if it becomes easy to 
generate a chipping and exceeds 13 % of the weight, Co content was made into 13 or less % of the weight 5% of the 
weight or more. Solid solution strengthening of Co was not enough in it being less than 3. 565 A, and during cutting, 
generating of the adhesion accompanying generating of plastic deformation and it arose, and since it was not desirable, 
the lattice constant of Co was made into 3. 565 A or more. Since it became it easy to generate adhesion to be less than 
15kA/m, coercive force was made into 15 or more kA/m. the still more desirable range — 5 - 8% of the weight of Co 
content — superhard ~ receiving ~ 15 or more kA/m and 8 - 1 1% of the weight of Co content ~ superhard receiving - 
20 or more kA/m and 1 1 - 13% of the weight of Co content - it receives superhard and is 25kA/m or more. 
[0010] 

[Example] According to an example, this invention is explained below. By the arc ion plating method, the example of 
this invention and the example of a comparison which are shown in Table 1 were created. The presentation of a coat 
was adjusted by adjusting the presentation of the metal target of the cathode which is an evaporation source, one side of 
a furnace — a TiAl system target and the opposite side — Cr system target — installing — alternation ~ discharge ****** 
- it multilayered by things. The bias voltage which carries out the seal of approval of the covering conditions to a base 
set 150V and reaction pressure constant at lPa, and the thickness of film was made into the total thickness of 3000nm in 
all examples. After cemented carbide mixed among alcohol WC powder which doped with a commercial mean particle 
diameter [ 0.5micro, 0.8micro, and 1 .5micro ] Cr, and Co powder of this lmu by attritor for 10 hours, it was made to 
dry, and it carried out the rubber press of the round bar, and created it by carrying out vacuum sintering for 1350 
degrees C - 1400 degree-C 1 hour. WC particle size and sintering temperature adjusted the coercive force of an alloy. 
Moreover, in the alloy of the example of this invention, by enclosing the nitrogen gas after sintering, sudden cooling 
was performed and the lattice constant of Co made into the purpose was obtained. Furnace cooling was carried out in 
the example of a comparison. 
[0011] 
[Table 1] 
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[0012] In the example of this invention and the example of a comparison which were shown in Table 1, cutting 
evaluation was carried out by the following cutting conditions. The result is shown in Table 2. It cut until the end mill 
carried out the erythrochromia and broke in these conditions, and the length of cut to breakage was made into the life. 
Moreover, field granularity was measured and compared after lm of cutting. 
** [-ed / cutting-conditions 1 ] material: SKD1 1 (HRC62) 

Tool: phi8mm, 6 sheet cutting-edge end mill cutting speed:200 m/min cut:8mmx0.4mm delivery:0.03mm / cutting-edge 
dry type cutting [0013] 
[Table 2] 
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[0014] By the examples 1-9 of this invention, it is in the inclination for a life to be prolonged, in the example which 
adjusted WC particle size and the amount of Co(es), and was made into the lattice constant of **, so that WC particle 
size is small, so that clearly from Table 2. Furthermore, in the examples 10-14 of this invention, the life extension 
around 20% was able to be measured using the TiAlNo-CrVN film which contains oxygen for membraneous quality 
using the cemented carbide of a sample number 4. Next, the further effectiveness was checked in the examples 15-20 of 
this invention which added oxygen and/or other elements to CrVN. Moreover, similarly, when other elements were 
added in the TiAIN film of the examples 21-27 of this invention, the operation characterized with the added element. 
Finally, whenever the examples 28-31 of this invention are the cases where a layer is piled up from two-layer to 600 
layers, all thickness is the same and it piled up the layer, abrasion resistance has improved. Moreover, the field 
granularity of the example of this invention was 1.4 microns or less, and there is also no irregular cutter mark and the 
good result was obtained. In the example of this invention, generating of adhesion and plastic deformation is long 
lasting few. Under the high degree-of-hardness material high-speed conditions which especially plastic deformation 
tends to generate, it is clear that a difference with the example of a comparison is also still more remarkable. 
[001 5] In the example 32 of a comparison with few amounts of Co(es) in the example of a comparison, and the 
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examples 33 and 34 of a comparison^™ many amounts of Co(es), it became Irafe by the initial deficit and wear. In the 
examples 35-37 of a comparison which made the lattice constant less than 3.565, although it was good, when the base 
material was exposed, wear advanced quickly, and it became a life the early stages of cutting. Furthermore, in the 
examples 38-46 of a comparison which examined the configuration of various membraneous qualities and the film using 
the base material of the example 37 of a comparison, although some effectiveness was good, when the base material was 
exposed, wear advanced quickly, and it became a life the early stages of cutting when the film of a certain thing acts. 
[0016] Furthermore, in the example of this invention and the example of a comparison which were shown in Table 1, 
the ball end mill was manufactured, and the maximum wear of the peripheral cutting edge after 50m cutting was 
measured and compared in the following conditions. Moreover, machined surface granularity was measured and 
compared in the cutting direction after 50m cutting. The result is also written together to Table 2. 
** [-ed / cutting-conditions 2 ] material: S50C (HRC35) 

Tool: philOmm, ball-end-mill cutting speed:314 m/min cut:0.3mm, pick 0.3mm delivery:0.5mm / cutting-edge dry type 
cutting [0017] From Table 2, if the examples of this invention are conditions which continue and perform only cutting 
near [ peculiar to a ball end mill ] the center of rotation and the damage on near the center of rotation, especially the 
effect of adhesion are observed, also after 50m cutting, wear is as small as 1 65 microns or less, and there is little 
adhesion etc., 2.4 microns or less are stabilized by field granularity, and it is obtained. In the example of a comparison, 
although abrasion loss is also large, field granularity serves as a big numeric value more than it. This is because it is in 
the condition that some swarfs cause adhesion to a base material, and a cutting side can be plucked after 50m cutting 
which a base material exposes. Moreover, very long cutting was attained by control of the plastic deformation generated 
in the edge of a blade in the high speed cutting of high degree-of-hardness material at prevention of the adhesion of **- 
ed material, and a list by this invention. Moreover, same result was brought also in cutting of carbon steel. It is needless 
to say that this is based on the synergistic effect of the limited cemented carbide and the limited coat. Moreover, the 
same effectiveness was checked also in the **-ed material of others to which adhesion tends to generate the example of 
this invention. 
[0018] 

[Effect of the Invention] By applying this invention, the long tool life was acquired by dry type high speed cutting. 
While excelling in the high degree-of-hardness material which makes adhesion and plastic deformation-proof nature 
indispensable especially, also in the **-ed material of others which adhesion tends to generate, it is the same. 

[Translation done.] 
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